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INTRODUCTION 
Outdoor recreational provides a broad range 
of community and individual benefits that 
are gained by interacting with the natural 
world.  These benefits include solitude, 
natural quiet, opportunities to learn, 
opportunities to observe wildlife, exercise, 
social activity, and many others.  Public 
access to natural areas is also important in 
fostering long-term public support for open 
space and wildlife habitat conservation (Gill 
2007).   However, all forms of public use, 
recreation, and trails in the natural 
environment inherently result in localized 
impacts to wildlife and habitat due to habitat 
fragmentation, startling or flushing of some 
species, and the introduction of conduits for 
non-native species and predators.  Careful 
planning and management of recreational 
uses and facilities can minimize their 
impacts while maximizing the public 
benefits of recreation.  This discussion 
provides an overview of some of the current 
scientific research and guidelines that may 
be useful in planning recreation uses and 
trails in the Study Area. 
 
IMPACTS OF TRAILS AND RECREATION 
ON WILDLIFE 

Large Mammals  
In a study of responses of mule deer, 
pronghorn antelope, and bison to hikers and 
mountain biker on Antelope Island State 
Park in Utah, Taylor and Knight (2003) 
came to some of the following conclusions: 

• Wildlife exhibited a 70% probability 
of flushing within 100 meters of 
trails 

• Area of influence is greater for off-
trail use than on-trail use 

• Increased vegetative cover generally 
reduces wildlife response 

 
Overall, pedestrians on trails have been 
shown to influence deer and elk behavior at 

distances of between 30 and 400 meters, 
depending on location, cover, and other 
variables (Miller et al. 2001, Sisk 1989, 
Cassirer et al. 1992, Kucera 1976).  In many 
urbanized or high-use areas, deer and elk are 
desensitized to human recreation and can 
habituate to predictable and recurrent use of 
recreational trails.  Habituation to 
predictable and recurrent recreational use 
allows them to continue normal behaviors 
such as feeding, resting, and breeding 
(George and Crooks 2006, Stankowich 
2008).  A study of elk responses to cross-
country skiers in Yellowstone National Park 
also found that predictability was a major 
influence in elk responses, which increased 
substantially when elk encountered humans 
in unusual locations (Cassirer et al. 1992).  

Carnivores 
Studies of responses to carnivores (such as 
bobcat, coyote, and black bear) have found 
that human use and trails can change their 
habitat use and behavior.  Reed and 
Merenlender (2008) found protected areas 
with “quiet, nonconsumptive recreation” 
(hiking, biking, and horseback riding) had a 
five times lower density of bobcat and 
coyote use than similar areas that did not 
allow recreation.  George and Crooks (2006) 
found that human activity appeared to shift 
bobcats toward more nocturnal activity.  
Black bears have also been reported to shift 
to nocturnal behavior in areas with heavy 
human use (Beecham and Rohlman 1994).  
In a study of black bears in Rocky Mountain 
National Park, McCutchen (1989) suggested 
that linear transportation corridors (trails and 
roads) were more tolerated by black bear 
than structures or facilities. 

Birds 
The sensitivity of birds to trails and 
recreational use varies by species and habitat 
type.  In general, recreational trail use has 
the potential to displace breeding birds.  
Birds that utilize the interior habitat areas 



are more vulnerable to habitat fragmentation 
due to trails or human use.  This is due to 
flushing from nests (and exposure of eggs to 
predators and the elements) and overall 
habitat fragmentation which can increase 
nest predation, competition, and brood 
parasitism (Riffel et al. 1996, Miller et al. 
1998, Miller et al. 2001). 
 
The CDOW has recommended seasonal 
buffers to protect nesting raptors from 
human encroachment.  For red-tailed hawk, 
CDOW recommends no new surface 
occupancy within 1/3 mile radius of active 
nests, and a restriction on encroachment 
within 1/3 mile radius of active nests 
between February 15 and July 15.  However, 
CDOW notes that some individuals have 
adapted to human use and will tolerate 
human habituation to within 200 meters of 
their nest.  For bald eagles, CDOW 
recommends no new surface occupancy 
within ¼ mile radius, and a seasonal 
restriction on human encroachment within ½ 
mile from October 15 through July 31 
(CDOW 2008). 

Amphibians 
Trails or concentrated human use along the 
edges of water bodies and wetlands can 
fragment habitat for amphibians, impeding 
movement between breeding and foraging 
areas, and can also contribute to direct 
mortality if they are crushed underfoot (Livo 
1996, Hammerson 1999, Smith and Keinath 
2007). 
 
IMPACTS OF DIFFERENT 
RECREATIONAL USES 
The relative ecological impact of various 
trail uses is a sensitive topic.  While there 
are a lot of opinion-based materials 
advocating for or against a particular user 
group, very little empirical scientific data 
addresses this subject in an objective 
manner.  Assuming that a trail is already in 
place, the environmental effects of non-
motorized recreational trail uses (including 
hiking, nature viewing, running, bicycling, 
and horseback riding) are generally 

classified into three areas:  physical impacts, 
vegetative impacts, and wildlife impacts. 

Physical Impacts 
Physical impacts include adjacent vegetation 
trampling, soil compaction or erosion.  This 
aspect of trail impacts is the most widely 
studied, perhaps because it is the easiest to 
document in controlled experiments.  
Several studies have found that the physical 
impacts of both hikers and bicyclists are 
similar (Wilson and Seney 1994, Thurston 
and Reader 2001) while the physical impacts 
of equestrian use is greater (Wilson and 
Seney 1994, Marion 2006, Dehring and 
Mazzotti 1998).   
 
The physical impacts of trail use vary by 
topography, soils, level of use, trail design 
and layout, and other factors.  The initial 
construction of a trail is the greatest single 
impact to vegetation and soils – after that the 
differences in impacts are less meaningful.  
From a practical standpoint, the physical 
impacts are similar for most user groups, are 
usually limited to the immediate trail 
corridor, and can be mitigated or minimized 
by proper trail design and management. 

Vegetative Impacts 
Impact to vegetation due to trail use includes 
trail widening and braiding, social trail 
development, and noxious weed dispersal.  
Assuming that a trail is already in place, 
trampling and compaction may occur along 
the trail corridor.  In high-use areas, or areas 
that are poorly designed, widening of the 
trail tread can occur, along with braiding and 
the development of parallel trails.  In all of 
these instances, the impact footprint 
expands.  Most of these impacts, however, 
are limited to within one to two meters of 
the trail tread (Jordan 2000).  Again, it 
should be noted that a majority of the 
vegetative impacts occur during the initial 
trail construction. 
 
Trail construction and use can also 
contribute to the dispersal of noxious weeds 
along a trail corridor.  This primarily occurs 
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in two ways:  1) Soil disturbance during and 
after trail construction provides a foothold 
for weeds, and 2) trail users transport weed 
seeds along the trail corridor, introducing 
weed species to new areas. 
 
How do various trail uses affect vegetative 
impacts?  Few studies have compared 
vegetative impacts of hiking and mountain 
biking.  After measuring 500 passes of test 
trails for hiking and mountain bikes, 
Thurston and Reader (2001) found no 
significant difference in vegetative impacts 
from the two uses.  As one article (Lathrop 
2008) pointed out, the trail itself is the 
attraction for most mountain bikers, which 
may limit the amount of off-trail use.  
Conversely, some hikers prefer to often 
wander off trail, considering their own 
incremental impact to be small. 
 
In terms of noxious weed dispersal, it is fair 
to say that all users have the potential to 
carry and spread noxious weed seeds – 
whether it is from boot soles, tires, hooves, 
fur, or manure.  All trail uses contribute to 
this problem.  However, several studies have 
shown that equestrian use is a much greater 
contributor, primarily through the passing of 
weed seeds through manure (including 
Benninger-Traux et al. 1992).  While some 
in the equestrian community dispute these 
findings, they are commonly accepted 
among most land managers and biologists. 

Wildlife Impacts 
The general types of impacts that result from 
recreational trails are described in detail 
above.  Much less is known about the 
impacts of specific modes of travel on 
wildlife.  Some of the studies that do 
differentiate between user groups are 
described as follows. 
 
One of the most prominent empirical studies 
comparing the wildlife impacts of various 
trail uses is the one conducted on Antelope 
Island State Park in Utah (Taylor and Knight 
2003).  In addition to the general findings 

described above, this study also found the 
following: 

• There is little difference in wildlife 
response between hikers and 
mountain bikers 

• Hikers retain their human form 
while mountain bikers do not.  
Typically, pedestrians induce a 
more intense wildlife response than 
do motorized vehicles. 

• Mountain bikers may be less 
predictable that hikers because they 
travel at a faster speed and are less 
likely to be talking. 

• While the impacts of individual 
encounters are similar, mountain 
bikers travel greater distances and 
are therefore more likely to have 
wildlife encounters or disturbances 
per unit of time. 

 
George and Crooks (2006) observed that 
bobcats were displaced in response to 
bikers, hikers, and dogs, but were not 
displaced in response to equestrians and 
motorized vehicles.  Stake (2000) studied 
the impacts of mountain biking on golden-
cheeked warblers, after biking was 
introduced to a natural area.  He found no 
impacts from the new activity on the 
species. 
 
Hiking or walking for the purpose of 
viewing wildlife (including bird watching, 
nature viewing, and interpretation) is 
generally perceived as having little or no 
impact on wildlife.  However, some 
researchers have found that hiking or nature 
viewing (humans on foot) may have a 
greater impact on wildlife (Stankowich 
2008, Knight and Cole 1995a, Spahr 1990, 
Jordan 2000), for the following reasons: 

• Wildlife viewers are more likely to 
travel off trail, and their movements 
are less predictable for wildlife 

• Wildlife viewers are more likely to 
directly approach wildlife 

• Viewers intentionally seek out rare 
or spectacular species 

• Stopping, pointing, photography, 
and even eye contact may stress 
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some species or individuals, 
including many birds 

Winter Recreation 
Winter recreational activities, including 
Nordic skiing and snowshoeing on both 
groomed and ungroomed trails, can also 
impact wildlife, primarily due to snow 
compaction and wildlife disturbance.  The 
level of impact varies depending on the 
extent and intensity of activities. 
 
Snow compaction occurs from both 
mechanized grooming equipment, and 
individual tracks over undisturbed snow, and 
can alter soil temperature and plant 
development in the immediate vicinity.  
Most studies on this topic are focused on 
snowmobiles, which can have similar 
physical impacts as grooming equipment.  
Besides the direct impacts on vegetation due 
to broken twigs or soil disturbance, snow 
compaction has been found to increase frost 
penetration into roots, delay spring thaw and 
subsequent plant growth and seed 
germination.  These effects can result in 
localized changes in plant composition and 
diversity, and are generally reduced as 
snowpack depths increase (Fahey and 
Wardle 1998, Olliff et al. 1999).    One 
study stated that wetlands maybe less 
vulnerable due to these impacts if there is 
solid ice cover (Keddy et al. 1979).      
 
Wildlife species that are most directly 
affected by snow compaction are the small 
animals that live under the snow during the 
winter.  These “subnivean fauna” include 
shrews, voles, pocket gophers, and mice that 
eat a variety of foods that are found on the 
ground surface or underground.  Impacts to 
subnivean fauna from snow compaction 
include changes in temperature, decreased 
air space, and accumulations of toxic air 
under the snow.  These small mammals are 
important prey species for raptors and mid-
sized carnivores (e.g., marten, bobcat, fox, 
and weasel) (Olliff et al. 1999).   
 

Larger mammals, including mid-sized 
carnivores and ungulates, are vulnerable to 
increased stress during the winter period, 
where the preservation of energy reserves 
can influence survival and fleeing from a 
perceived threat can expend those resources 
(Olliff et al. 1999, Knight and Cole 1995b). 
 
Canada lynx are specialized deep-snow 
predators that depend on secluded habitat.  
An influx of human-created trails can 
fragment this habitat and may reduce their 
competitive advantage by improving access 
to a limited food supply to other predators.  
However, lynx have been known to adapt to 
predictable human activity, and may be 
more vulnerable to disturbances from non-
motorized, dispersed activities (like cross-
country skiing) than predictable motorized 
uses (like a road or highway) (Olliff et al. 
1999).  
 
IMPACTS OF DOMESTIC DOGS ON 
WILDLIFE 
A recent study on the indirect effects of dogs 
on wildlife by Lenth et al. (2008) pointed 
out that “dogs are avid chasers, an through 
chasing could displace wildlife from their 
habitats, particularly when certain species, 
such as deer, perceive dogs as predators and 
avoid areas where they could be chased.”  
This study found that: 

• Most dogs were detected within five 
meters of trails, though some 
traveled up to 85 meters from trails.  
This finding is consistent with 
Bekoff and Meaney (1997) 
described below. 

• Trails that allow off-leash dogs have 
a wider area of influence on mule 
deer and other species. 

• Deer activity was reduced within 50 
meters of trails that did not allow 
dogs; along trails that do allow 
dogs, this area of influence 
expanded up to 100 meters. 

• Dog presence may disrupt small 
mammal, bird, and amphibian 
activity. 
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George and Crooks (2006) suggested that 
the impacts of dogs on native carnivores 
(coyote and bobcat) include the disruption of 
carnivore behavior due to chasing, barking, 
and scent making with urine and scat.   
 
Miller et al. (2001) investigated the flushing 
responses of grassland and forest birds and 
mule deer to pedestrians, a pedestrian with a 
dog, and a dog alone.  Findings included the 
following: 

• Off-trail use elicits a greater flush 
response than on trail use, possibly 
due to habituation to activity along 
trails. 

• In forested areas, flush distances for 
dogs on leash were greater than 
those for pedestrians alone.  

• In grassland areas, flush distances 
for off-trail pedestrians alone were 
greater than off-leash dogs alone. 

 
In a study focused more on human 
perceptions of dog behavior and 
management, Bekoff and Meaney (1997) 
observed about 800 dogs along open space 
trails.  Some of their observations and 
findings included the following: 

• Off-leash dogs generally traveled 
within 2-5 meters of the trail. 

• When dogs did go far off trails, they 
were often lured off by people (i.e., 
throwing sticks, balls) 

• Dogs rarely entered bodies of water. 
• Dogs off-leash appeared to be 

“friendlier” than those on-leash 
• Out of 800 observations, two 

“earnest chases” of wildlife were 
observed (deer and squirrel). 

 
Bekoff and Ickes (1999) studied the 
interactions of dogs and prairie dogs in an 
open space area where a trail fragments 
prairie dog habitat.  They found that dogs 
went off trail more often near prairie dog 
colonies - about 60% of the dogs barked at 
prairie dogs, ran towards burrows, chased 
prairie dogs, or chased and attempted to 
extract concealed individuals.  They 
observed that the dogs “clearly influence” 
the behavior of prairie dogs, noting that the 

prairie dogs disturbed by dogs were more 
vigilant and played less than undisturbed 
individuals, indicating a higher level of 
stress.  This study points out that little is 
known about the effects of such intrusions 
on the health, mortality, or reproductive 
success of prairie dogs, suggesting that if 
they did have negative effects, this and other 
similar prairie dog colonies may be in 
danger.   
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Case Studies 
Dog Management  

Experiences from Other Communities 
 

TOWN OF BRECKENRIDGE 
Over the past 10 years, the Town of 
Breckenridge has invested almost $5 million 
to protect and manage the 226-acre 
Cucumber Gulch area at the base of the ski 
area.  This area contains about 80 acres of 
wetlands and sensitive habitat for a variety 
of wildlife species, including the state-
endangered boreal toad.  Cucumber Gulch 
also supports a network of summer trails and 
groomed Nordic ski trails in the winter. 
 
The Town has worked to balance 
recreational access with the preservation and 
enhancement of natural resources.  Dog 
management has been a difficult 
management issue.  Originally, dogs were 
allowed on leash on one of the trails.  
However, the trail and wetlands in 
Cucumber Gulch have become a destination 
for off-leash dog use, primarily by residents 
of nearby neighborhoods.  Off-leash dogs 
have been attributed to habitat degradation, 
wildlife disturbance and mortality, and user 
conflicts.  Signs and buck-rail fences to 
discourage this encroachment have not been 
effective, and in some cases have been 
vandalized. 
 
Because of these persistent problems, no 
dogs are allowed within the core habitat 
areas at Cucumber Gulch.  While it was 
initially met with resistance from some 
members of the public, the Town has found 
this approach to be more effective, easier to 
enforce, and less confusing for visitors.  
Additional efforts to improve dog 
management and habitat protection have 
included the development of more 
sophisticated and attractive signs, which 
give the area more of a distinct “identity” as 
a valued and sensitive natural area. 
 
Based on recent experiences in Cucumber 
Gulch, some of the following 
recommendations may be useful for the 
Valley Floor: 

• A combination of off-leash (voice 
control) areas in degraded/urban 
settings, on-leash trails, and 
ecological closures may be 
effective.  These areas must be 
clearly defined. 

• Different dog management areas 
need to be clearly defined by fences, 
streams, trails, etc.  Otherwise 
signing and enforcement are very 
difficult. 

• Absolute dog closures are warranted 
for ecological protection.  However, 
closures must be clearly marked and 
explained with signs to minimize 
backlash. 

• A combination of education and 
enforcement must be used to 
improve compliance with 
regulations. 

Citations:   
Town of Breckenridge.  2003.  Cucumber 

Gulch Recreation Master Plan.  Prepared 
by ERO Resources Corporation. 

Andersen, Heide.  2008.  Open Space and 
Trails Planner II.  Town of Breckenridge.  
Personal communication with Bill 
Mangle, Natural Resource Planner, ERO 
Resources Corporation.  December 3, 
2008. 

 

 



 

PITKIN COUNTY 
Pitkin County owns and manages about 
2,500 acres of open space and about 45 
miles of trails.  All dogs are banned from 
about 500 acres of land and about 2 miles of 
trails, due to wildlife sensitivity.  Other 
areas have seasonal dog closures to protect 
sensitive wildlife habitat and migration 
corridors.  Rangers estimate that the leash 
laws are violated as much as they are 
observed.   
 
Chasing wildlife (elk, deer, and bears) and 
user conflicts, including bike accidents, are 
some of the impacts from off-leash dogs that 
have been observed.  Dog waste pick-up and 
disposal is a continuous problem, 
particularly in areas close to Aspen. While 
chases and occasional killing of wildlife by 
dogs have been documented, these impacts 
have not resulted in any major shifts in 
wildlife populations, migration patterns, or 
behaviors.   
 
The County has recently designated a voice 
control (off leash) area on Smuggler 
Mountain, with the intention of taking the 
pressure off of other areas where off-leash 
dogs are a problem.  This designation is a 
practical solution, since the Smuggler 
Mountain Trail has historically been a de 
facto off leash area.  From a user 
perspective, off-leash dogs are expected by 
other visitors, and the area lends itself to off- 
leash dog use (due to a wide trail/road bed 
and otherwise rugged topography).   
 
Pitkin County has found that the physical 
presence of Rangers is the single most 
effective tool to help manage off-leash dogs 
(and other policy issues).  A combination of 
education and enforcement has been 
effective in improving compliance, noting 
that education works only with the potential 
to receive a fine.  Fines start at $100, 
escalating to $500 and $1,000, resulting in 
very few repeat offenders.  In most areas, 
people are given three warnings before 
receiving a fine.  Chronic dog off leash 
offenders are tracked in a database. 
 

Based on recent experiences in Pitkin 
County, some of the following 
recommendations may be useful for the 
Valley Floor: 

• It is important to establish clear 
rules and limitations with a clear 
ecological rationale. 

• It is not effective to allow a “test 
period” for a certain type of dog use, 
because once the use is established, 
it is nearly impossible to eliminate. 

• It is impossible to restrict all dog 
violations, but if the majority of 
visitors comply with the rules, that 
is effective. 

• An enforcement mechanism is 
critical to improving compliance.  
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CITY OF BOULDER 
Since the 1960’s, the City of Boulder 
Mountain Parks Department (now Open 
Space and Mountain Parks Department 
(OSMP)) has allowed dogs off leash under 
“voice and sight control.”  In the mid-
1990’s, dog regulations were refined to 
establish specific requirements for voice and 
sight control, and identify areas where dogs 
were allowed off leash, and other areas 
where leashes are required to protect 
wildlife.  Now, dogs off leash and under 
voice and sight control are allowed on most 
of its 143 miles of designated trails.  In some 
areas, dogs are required to be on leash, or 
are prohibited altogether, due to sensitive 
wildlife habitat, management designations, 
or other considerations.   
 
The management of dogs on City of Boulder 
open space is a sensitive topic for both dog 
owners and those without dogs.  In the 2005 
Visitor Master Plan, unwanted encounters 
with dogs, dogs harassing wildlife, and dogs 
harassing livestock were cited as some of 
the main areas of improvement for the open 
space system.  The trail system is now sub-
divided into the following designations: 

• Leash or Voice and Sight Control 
• On-corridor Voice and Sight 
• Leash Required 
• No Dogs 

 
While these multiple designations have 
provided a management framework that is 
responsive to natural resource conditions, 
some OSMP staff acknowledge that they are 
difficult to understand for casual visitors, 
and can be challenging to enforce. 
 
The City recently implemented an 
education/dog tag program requiring dog 
owners watch a video demonstrating “voice 
and sight control,” pay a fee, and attach a 
visible tag to the dog.  This system has 
improved the public’s awareness of what 
“voice and sight control” means, and has 
improved management of existing 
regulations.  It has yet to be determined how 
well it will improve over the long term.   
 

Based on recent experiences on City of 
Boulder open space, some of the following 
recommendations may be useful for the 
Valley Floor: 

• Recognize that a lot of people love 
to recreate with their dogs, and 
value the connections and 
experiences that it brings. 

• It is not realistic to expect that all 
visitors will understand dog 
regulations or the reasons for such 
regulations. 

• It is important to clearly define and 
establish areas that are closed to 
dogs early in the process. 

• Simple, easily understood 
regulations or management areas are 
the most effective. 

• In locations where high use areas 
abut sensitive/closure areas, 
physical structures (e.g. pole fences) 
are an effective management tool. 

• Clear regulations should also be 
established to provide a tool for 
enforcement. 

• While dog management continues to 
be “trial and error,” it is not 
effective to open up a use or area on 
a trial basis with the expectation that 
it could be closed down in the 
future.  
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